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I. Introduction 
BLM** an antibiotic with antineoplastic activity 
[l] is a glycopeptide [2] produced by Streptomyces 
verticillus. It has been first isolated by Umezawa [3]. 
Efforts to elucidate the exact mechanism of BLM 
action on programmed synthesis dealt with DNA and 
RNA (survey: [4, 5]), with DNA and RNA polymerases 
[6-81 and finally with cell culture models [9, lo]. 
One of the main targets of BLM is the splitting off of 
thymine bases from natural and synthetic double 
stranded nucleic acids by a hydrolytic reaction. The 
BLM activity is enhanced by adding reducing as well 
as oxidizing agents. Compounds not containing 
thymine are not affected by BLM [5]. Ohashi [ 1 l] in- 
vestigated whether the inhibition of cellular DNA syn- 
thesis by BLM may be due to an increase in DNAase 
activity. Umezawa and coworkers [ 121 in their study 
with E. coli and with HeLa cells found DNA strand 
scissions when BLM had been added. 
On the basis of these findings it may be useful to 
study the influence of BLM on nuclease activity. BLM 
turned out to be a strong inhibitor of DNAase I. The 
inhibition is of the competitive type. The strength of 
the inhibition due to BLM is dependent from the kind 
of DNA used as substrate in the assay. The DNAase II 
* This is part III of this series. 
**Abbreviations: 
BLM : bleomycin. 
DNAase: deoxyribonuclease. 
RNAase: ribonuclease. 
DTT : dithiothreitol. 
North-Holland PU blishing Company - Amsterdam 
is less affected by BLM modified DNA. The enzymatic 
activities of RNAase A, RNAase B, RNAase Tl, venom 
phosphodiesterase I and spleen phosphodiesterase II 
are not influenced by this antibiotic. 
2. Materials and methods 
Materials were obtained as follows: DNAase I (beef 
pancreas) 2500 units/mg, DNAase II (pig spleen) 
12,000 units/mg, RNAase A (beef pancreas) 3000 
units/mg, RNAase B (beef pancreas) 1000 units/mg, 
RNAase TI (Aspergillus oryzae) 30 000 units/mg, 
phosphodiesterase I (oofaalus udamanteus), phospho- 
diesterase II (beef spleen), RNA (yeast) from Worthing- 
ton, Biochemical Corp., Freehold (USA); p-nitro- 
phenylthymidine-5’ phosphate and Cleland’s reagent 
(dithiothreitol) from Calbiochem, Los Angeles (USA); 
the different synthetic polymers from General Bio- 
chemicals, Chagrin Falls (USA); Bleomycin (lot 
pH 1296/G), native herring DNA, isolated according 
to Zahn et al. [ 131 from H. Mack, lllertissen (Germany). 
DNAase I and DNAase II activity was determined 
by the spectrophotometric Kunitz method [ 141 using 
the assay conditions described by Zahn et al. [ 151 
resp. Bernardi et al. [ 161. The DNAase I reaction was 
initiated by the addition of 25 units of enzyme at 25”; 
the one of DNAase II by 20 units of enzyme. The 
determination of RNAase activity based upon the 
release of soluble oligonucleotides from RNA as 
described by Kalnitsky et al. [ 171 and Egami et al. 
[ 181. Measurements of the activity of phosphodiester- 
ase I were performed by the method described by 
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Razzel et al. [ 191. The assay for determination of 
spleen phosphodiesterase II based on the method 
described by Hillmoe [20]. To the nuclease assays 
described above, 10 mM DTT were added. . 
3. Results and discussion 
The enzyme reactions are performed with DTT, an 
agent which enhances the BLM action optimal [S]. The 
influence of BLM on enzyme reactions has been deter- 
mined under substrate limiting conditions. This allows 
to detect interactions between BLM and the different 
substrates. 
In contrast to the results of Yamaki [21], the results 
presented in this paper show DNAase I activity to be 
strongly inhibited by BLM. The inhibition has been 
shown to be of the competitive type (figs. 1 and 2). In 
the experiments summarized in fig. 1 BLM has been 
added to the assays at least 2 min before the beginning 
of the enzymatic reactions. In preceding tests it has 
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Fig. 1. Inhibition of DNAase I by BLM. Plot according to 
Lineweaver et al. [26]. The reaction was stopped after 4 min 
during the linear part of the enzyme reaction. Abscissa: reci- 
procal values of the substrate concentration; ordinate: Reci- 
procal values of the initial reaction velocity expressed as 
minutes per change in O.D. Linear regressions: (e) 
control, (3 - - o - - 0) 20 pg BLM/ml and Cm -. - l ) pg BLM/ml. 
Ki = 31.8 k9.2 pg BLM/ml, K,, = 38.5 * 10.5 ~g DNA/ml. 
i/t, . I I I 
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Fig. 2. influence of poly (dA-dT), modified by BLM and DTT 
on DNAase I reaction. 1 mg poly (dA-dT) was modified in a 
1 .O ml assay during a reaction (15 min, 37”) with 25 c(g 
BLM/ml and 5 mM DTT, in a 40 mM Tris buffer (pH 7.8). 
After the incubation, the mixture was dialyzed for 16 hr 
against 2 X 500 ml Tris buffer mentioned. Subsequently the 
modified poly (dA-dT) was added at different concentrations 
(as indicated on the abscissa in @g/ml) to the enzyme mixture. 
The reaction was stopped after 4 min. X-J(Ix 90 pg DNA/ml; 
C-C--~ 35 fig DNA/ml. Plot according to Dixon [24]. Km = 
47.1 + 8.6 ug DNA/ml; Ki = 0.17 f 0.03 pg BLM-modified 
poly (dA-dT)/ml. Ordinate: reciprocal values of the initial 
reaction velocity expressed as minutes per change in O.D. 
been found that the inhibitory influence exerted by 
BLM on the enzymatic reaction occurs so fast that it 
can not be detected. The inhibitor constant using native 
DNA as substrate is determined to be 31.8 pg BLM/ml 
(fig. 1). Basing on a comparison of BLM influence to 
the hydrolytic activity of DNAase I using different 
DNA substrates it is evident that the structure of the 
DNA is crucial for the activity of the compound. With 
application of single stranded homopolymers (poly 
(dA) and poly (dT)) no inhibitory influence can be 
observed. Regarding the double stranded polymers 
tested, native herring DNA, poly (dA. dT), poly 
(dA-dT) and poly (dG. dC), only thymine containing 
DNA’s produce with BLM a decrease of the enzyme 
activity. Remarkable is the finding that with the co- 
polymer poly (dA-dT) the BLM inhibitory influence 
on DNAase I is 3.4 times higher than with the homo- 
polymer poly (dA. dT). This finding coincides with the 
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Fig. 3. Influence of poly (dA-dT), modified by BLM and DTT 
on DNAase II reaction. Plot according to Dixon [ 241. Abscis- 
sa: concentration (in pgp/ml) of modified poly (dA-dT1 in 
the standard enzyme mixture. Ordinate: reciprocal values of 
the initial reaction velocity expressed as minutes per change 
in O.D. The reaction was terminated after 10 min during the 
linear part of the enzyme reaction. X+-J( 130 c(g DNA/ml; 
o--i) 65 pg DNA/ml; Km = 128.7 + 29.0 Mg DNA/ml; 
Ki = 2.5 f 0.8 pug BLM-modified poly (dA-dT)/ml. For further 
details see legend fig. 2. 
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Fig. 4. Influence of poly (dA-dT), modified by BLM and DTT 
on DNAase I and DNAase II reaction. Abscissa: concentration 
(in pg/ml) of modified poly (dA-dT) in the enzyme mixtures. 
Ordinate: activity of the enzyme in percent. Substrate con- 
centration in DNAase I experiments were 47 pug DNA/ml 
(m) and 129 pg DNA/ml (- ) resp. for DNAase I1 
47 pg DNA/ml Cm ) and 129 pg DNA/ml (-1. For 
further details see legend to fig. 2. 
experiments measuring the thymine liberation activity 
of BLM [5]: under identical conditions 3.2 times more 
thymine are liberated using poly (dA-dT) than with 
poly (dA*dT). In other experiments (fig. 2) it is 
demonstrated that the inhibitory influence of BLM 
on DNAase I is due to a BLM caused modification of 
the substrate. For this set of experiments poly 
(dA-dT) was preincubated with BLM and DTT. In a 
subsequent procedure BLM and DTT were removed 
Table 1 
Quantitative comparison of BLM action on different DNA and RNA nucleases. 
BLM concentration 
Enzymes Source of the enzyme 
Substrate concentration 
(per ml) 
(* S.D.) causing 
50% inhibition 
Ribonuclease A 
Ribonuclease B 
Ribonuclease Tr 
Phosphodiesterase I 
Phosphodiesterase II 
-- 
Beef pancreas 
Beef pancreas 
Aspergillus oryzac 
Crotalus adamanteus 
Beef spleen 
100 pg RNA 
100 fig RNA 
100 pg RNA 
200 pg nitrophenyl- 
thymidine-phosphate 
100 clg RNA 
(a/ml) 
No inhibition 
No inhibition 
No inhibition 
No inhibition 
No inhibition 
The BLM concentration that causes a 50% reduction of enzyme activity was been determined under substrate conditions indicated 
in table. The results of eight independent experimental series are given with their standard deviations. The enzyme concentrations 
were as follows (pg resp. units per ml): RNAase A: 2.5 l.(g; RNAase B: 2.5 fig; RNAase Tt: 0.025 pg; phosphodiesterase I: 100 pg 
and phosphodiesterase II: 0.25 units. 
219 
Volume 31, number 2 FEBS LETTERS April 1973 
from poly (dA-dT) by dialysis; this separation can be 
followed spectrophotometrically. The modified poly 
(dA-dT) preparation was added at different concen- 
trations to the enzyme assay containing two different 
substrate (DNA) concentrations. The results are 
plotted according to Dixon [22]. Applying this plot, 
a competitive type of inhibition could also be deter- 
mined, a fact which indicates that the decrease of 
enzymatic depolymerization in the assays with BLM 
as well as with BLM modified poly (dA-dT) is due to 
a decrease of the affinity of the enzyme to the modified 
substrate. 
Thus it can be ruled out that an interaction takes 
place between the inhibitor and the enzyme. In this 
view, the mechanism of inhibition of DNAase I reaction 
by BLM-modified DNA seems to have similar proper- 
ties as the enzyme reaction using apurinic acid substrate 
v31. 
DNAase II is inhibited by BLM modified poly 
(dA-dT) also in a competitive way. However, the 
DNAase II activity is much less affected by BLM than 
the DNAase I reaction. This result is not caused by a 
possible pH dependent BLM action as shown by us [5]. 
The reason may be seen in a 15-fold higher inhibitor con- 
stant for BLM modified DNA in the case of DNAase 
II (fig. 3) compared to the reaction with DNAase 1. 
This conclusion is supported by a comparison of the 
inhibitory action of BLM modified poly (dA-dT) on 
DNAase I and DNAase II (fig. 4) using DNA substrate 
concentrations of 47 pg/ml, resp. 129 pg/ml which 
represent the Michaelis constants of the two enzymes 
for DNA (figs. 2 and 3). On an average (fig. 4) DNAase 
1 reactions are inhibited by BLM modified poly 
(dA-dT) 30-fold stronger than that of DNAase II. This 
finding seems to be in agreement with the DNAase II 
characteristic [24, 2.51 to favour the cleavage of 
d-Gp-Cp linkages in DNA. 
The reactions of the RiVAases (A, B and T]) as well 
as of two phosphodiesterases (venom alzd spleen) by 
using RNA and p-nitrophenylthymidine-5’ phosphate 
as substrates are not inhibited by BLM up to a con- 
centration of 200 yg/ml (table 1). The results [5] 
showing no splitting activity of BLM towards RNA 
exclude the possibility to influence the enzymatic 
hydrolysis by an attack on the substrate. It is also un- 
likely that p-nitrophenylthymidine-5’ phosphate is 
modified by BLM because only double stranded natural 
or synthetic DNA’s are affected by this antibiotic. Thus 
220 
the results presented in this report demonstrate clearly 
BLM to be not an enzyme poison for nucleases. 
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